Acute pulmonary embolism (PE) is a relatively common and potentially life-threatening vascular disease. Its clinical symptoms and signs are nonspecific. Acute dyspnea, chest pain, syncope, and palpitations are the most frequent presenting symptoms of PE, representing more than 96% of PE presentations.\[[@ref1]\] Unfortunately, most cardiopulmonary diseases share at least one of these symptoms, making the differential diagnosis a daily clinical challenge. Diagnostic tests are necessary to establish the presence or absence of PE.\[[@ref2]\] Undiagnosed PE is fatal if left untreated in about 30% of patients.\[[@ref3]\]

Today, there is no specific biomarker for the diagnosis of PE. D-dimer has been mentioned, but positive predictive value of elevated D-dimer levels is low. Advanced age, the presence of infection, pregnancy, active malignancy, recent surgical interventions, liver failure, and rheumatoid arthritis may result in false-positive plasma D-dimer measurement. Anticoagulation therapy, the presence of small clots, isolated small pulmonary infarcts, and existing symptoms persisting for more than 5 days may lead to false-negative plasma D-dimer measurement results.\[[@ref4]\] Some prediction rules have been developed, such as Wells and Geneva scores that have been used in daily practice. However, today, despite all these methods, many patients with PE cannot be diagnosed easily. Therefore, we need new biomarkers that may help in the diagnosis.

The new biochemical marker, signal peptide-complement C1r/C1s, Uegf, and Bmp1-epidermal growth factor domain-containing protein 1 (SCUBE1), is a member of the SCUBE family and secreted cell surface protein expressed during early embryogenesis. It forms part of the epidermal growth factor (EGF) superfamily and consists of several domain structures, such as cysteine-rich and EGF-like repeats and CUB domain.\[[@ref5]\] The protein is found in platelet and endothelial cells.\[[@ref6]\] Studies suggested that the platelet is probably the principal source of the SCUBE1 expressed in the vascular system. These proteins are stored within the α-granules of inactive platelets, translocated to the platelet surface upon activation by thrombin, and incorporated into thrombus.\[[@ref7]\] Furthermore, SCUBE1 accumulation has been determined immunohistochemically in the subendothelial matrix of advanced atherosclerotic lesions in humans. Several studies have shown that SCUBE1 is a helpful biomarker in identifying acute thrombotic diseases, including acute coronary syndrome (ACS) and acute ischemic stroke (AIS).\[[@ref8]\] Turkmen *et al*. investigated the diagnostic value of SCUBE1 in patients with PE and healthy people. They reported high SCUBE1 levels in patients with PE.\[[@ref9]\]

Based on these previous results, we decided to conduct a new study. The aim of the present study was to compare the SCUBE1 levels in patients with PE, in patients with suspected PE, and healthy people and also to investigate the levels of SCUBE1 in other diseases which remain in the differential diagnosis of PE.

Methods {#sec1-1}
=======

The study was designed prospectively. Data were collected at the Chest Disease Clinic of Suleyman Demirel University and Emergency Department of Adnan Menderes University. The local ethics committee approved the present study.

Study population {#sec2-1}
----------------

A total of 57 patients who were admitted to emergency service with clinically suspected PE were included in this prospective study. Definitive diagnosis of pulmonary thromboembolism was made by showing a filling defect of PTE on spiral computerized tomographic (CT) pulmonary angiography according to the predefined standard protocol.\[[@ref10]\] CT pulmonary angiography was applied to all patients. The patients diagnosed with PE were defined as PE group (*n* = 32), and the patients with undetectable embolism on CT pulmonary angiography were defined as non-PE group (*n* = 25). Twenty-five consecutive sex- and age-matched healthy individuals without relevant current status and medical history were included in the study. Patients with ACS, acute myocardial infarction, hypertensive crises, acute ischemic cerebrovascular disease, peripheral artery disease, advanced liver and kidney failure, idiopathic cardiomyopathy, liver disease, chronic infection, autoimmune disease, and malignancy were excluded from the study. The exclusion criteria in the control group were the same as those in the patient groups.

Study design {#sec2-2}
------------

The demographic, clinical, and laboratory characteristics of the patient groups were taken from the patients\' histories and results of physical examinations. Routine biochemical analysis, complete blood count, D-dimer, and arterial blood gas analysis were performed early after admission. Wells and Geneva scores to assess the risk of PE were made. Echocardiographic examinations in patients with PE were performed by a cardiologist, and pulmonary arterial pressures were measured. In patients, plasma D-dimer examinations were performed using the automatic coagulation analyzer and the immune turbidimetry method, with reference values of 69--243 ng/mL.

Measurement of signal peptide-complement C1r/C1s, Uegf, and Bmp1-epidermal growth factor domain-containing protein 1 {#sec2-3}
--------------------------------------------------------------------------------------------------------------------

The serum was centrifuged at 4000rpm for 20min in sterile conditions. Sera were stored in clean and dry microcentrifuge tubes at −80°C before analysis. Obtaining the results did not exceed 6 months. Patient serum and a standard solution were pipetted into human SCUBE1 antibody-coated wells. Biotin-conjugated anti-SCUBE1 antibody was added to each well. After incubation at 37°C temperature for 2 h, the wells were washed three times with 350 µL of wash solution. Next, Streptavidin-HRP solution was added and allowed to incubate at 37°C temperature for an hour, and then the washing procedure was repeated. Chromogen solution was added, and incubation was carried out in the dark. Concentration was calculated according to the standard absorbance curve after absorbance was read at 450 nm by an enzyme-linked immunosorbent assay (ELISA) plate reader. Human SCUBE1 ELISA kit (Elabscience Biotechnology Co., Ltd., China, Catalog no: E-EL-H5405, Lot: AK0015NOV30024) was used with BIOTEK semiautomatic ELISA reader. The results were expressed as nanogram/milliliter. The analysis of SCUBE1 concentrations takes 6 h to complete.

Statistical analysis {#sec2-4}
--------------------

All statistical analyses were performed using the SPSS for Windows version 22.0 (SPSS Inc., Chicago, IL, USA). The Kolmogorov--Smirnov test was used to determine whether or not the parameters were normally distributed. Continuous variables were expressed as mean ± standard deviation or median values. Categorical variables were expressed as numbers and percentages. The Chi-square test was used to compare the proportions in different groups. The Student\'s *t*-test or Mann--Whitney U-test was used to compare the two independent groups according to their distribution state. The Kruskal--Wallis test was used to compare more than two independent groups for cases with nonnormally distributed variables. In cases where the Kruskal--Wallis test yielded a statistical significance, a *post hoc* analysis was performed to identify the groups that showed differences using a Bonferroni-corrected Mann--Whitney U-test. The area under the receiver operating characteristics (ROC) curve was used to calculate the discriminative ability of SCUBE1 to determine patients with PE. Sensitivity, specificity, negative predictive value, and positive predictive value were calculated according to ROC curves for SCUBE1. Logistic regression models were constructed for the disability as outcome. *P* \< 0.05 was considered statistically significant.

Results {#sec1-2}
=======

Thirty-two patients were diagnosed with PE, 16 were females and 16 were males, and the mean age was 61.1 years. Non-PE group comprised patients with pneumonia (*n* = 14), chronic obstructive pulmonary disease (COPD) exacerbations (*n* = 5), and congestive heart failure (*n* = 6). Among groups were no significant differences in age and gender. Baseline characteristics of patient groups and healthy controls are shown in [Table 1](#T1){ref-type="table"}. Chest pain and syncope were significantly higher in the PE group when compared to non-PE group, whereas fever was significantly higher in the non-PE group when compared to PE group. However, there was no difference for other symptoms. Heart rate was higher in the non-PE groups compared to the PE and control groups (*P* \< 0.001). Arterial blood gas values were similar among the two patients\' groups. In addition, the Wells score used in the diagnosis of PE was found as 4.8 ± 1.1 in the patient group with PE whereas it was 2.3 ± 1.2 in the non-PE group (*P* \< 0.001). Systolic pulmonary artery pressure on echocardiography was found to be 40.6 ± 3.5 mmHg in patients with PE. Nine patients in PE group were administered thrombolytic treatment.

###### 

Demographic and clinical characteristics of pulmonary embolism, nonpulmonary embolism, and control groups

![](ATM-11-277-g001)

Routine laboratory tests such as LDH, AST, and ALT were in normal range in all groups. Neutrophil (median 6.8, 11.6, 3.8 × 10^3^/mm^3^, respectively; *P* \< 0.001), neutrophil-lymphocytes ratio (NLR) (median 4.4, 8.1, 1.6, respectively; *P* \< 0.001), and C-reactive protein (CRP) (median 39.5, 83, 3.4, respectively; *P* \< 0.001) levels were higher in PE and non-PE groups than in the control group. Platelet counts were comparable among the groups \[[Table 2](#T2){ref-type="table"}\].

###### 

Comparison of signal peptide-complement C1r/C1s, Uegf, and Bmp1-epidermal growth factor domain-containing protein 1 and laboratory parameters among the groups

![](ATM-11-277-g002)

Mean D-dimer levels were not different between PE and non-PE groups (*P* = 0.591). Mean SCUBE1 levels were higher in the PE group (0.90 ng/mL) than in the non-PE (0.38 ng/mL) and control groups (0.47 ng/mL) \[*P* \< 0.01, [Table 2](#T2){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}\]. When the SCUBE1 results were analyzed using the ROC curve analysis, the optimum diagnostic cutoff point for PE was 0.49 ng/mL and the area under the curve was 0.791 (95% confidence interval \[CI\] 0.696--0.886); the sensitivity, specificity, positive predictive value, and negative predictive value were 100%, 64%, 56%, and 100%, respectively. The power of the test was found to be 70% \[[Figure 2](#F2){ref-type="fig"}\].
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![Receiver operating characteristics curve analysis of plasma SCUBE1 values in pulmonary embolism patients. The optimum diagnostic cutoff point of SCUBE1 was 0.49 ng/mL; the area under the curve was 0.791 (95% confidence interval: 0.945--1.000); the sensitivity, specificity, positive predictive value, and negative predictive value were 100%, 64%, 56%, and 100%, respectively. SCUBE1: Signal peptide-complement C1r/C1s, Uegf, and Bmp1-epidermal growth factor domain-containing protein 1](ATM-11-277-g004){#F2}

A multivariable logistic regression analysis (with dichotomous PE groups as the response variable; age, gender, chest pain, syncope, diabetes mellitus, COPD, hypertension, D-dimer, NLR, and SCUBE1 variables as predictors) showed that the significant and independent predictors of PE diagnosis were SCUBE1 (odds ratio \[OR\]: 3.07, 95% CI: 1.26--8.53, *P* = 0.039) and chest pain (OR: 1.45, 95% CI: 1.01--2.25, *P* = 0.011).

Discussion {#sec1-3}
==========

In the present study, we aimed to investigate the diagnostic value of SCUBE1, considered a new platelet activation marker, in patients with PE. We have shown that SCUBE1 was significantly higher in PE patients compared with non-PE patients and control cases. Moreover, SCUBE1 was associated with high sensitivity (100%) and moderate specificity (64%).

Patients with PE often have nonspecific symptoms and signs. Therefore, there are difficulties in the diagnosis of PE. Among patients with acute PE, the most prevalent symptoms include dyspnea at rest or on exertion, pleuritic chest pain, hemoptysis, fever, and syncope.\[[@ref11][@ref12]\] None of these are, however, specific for the presence of PE and all may be caused by more prevalent cardiopulmonary disorders, such as COPD exacerbation, acute heart failure, and pneumonia.\[[@ref13]\] This study revealed that chest pain and syncope symptoms were significantly more frequent in PE group when compared to non-PE group. Therefore, these symptoms should be evaluated attentively while making a differential diagnosis of PE.

Furthermore, laboratory findings of PE are nonspecific. Some proven efficacy biomarkers such as D-dimer, B-type natriuretic peptide, and troponin I are used in the diagnosis and risk stratification of PE.\[[@ref14][@ref15][@ref16]\] D-dimer is recommended as an initial test in all PE guidelines and is the most useful laboratory parameter for emergency departments. For high-sensitive D-dimer assays, such as the ELISA or the latex quantitative assay, the sensitivity for acute PE is over 95%.\[[@ref17]\] A negative D-dimer test result reliably excludes PE diagnosis in patients with low and intermediate clinical probability of PE. However, negative D-dimer should not be predictive in excluding the diagnosis in cases with high clinical suspicion, and further examinations should be performed.\[[@ref18][@ref19]\] The false-negative rate of high-sensitive D-dimer tests in patients with the likely clinical probability has been reported to be as high as 9.3%.\[[@ref20]\] The main drawback of D-dimer testing is its low specificity, which is approximately 35--40% for high-sensitive assays. This is because D-dimer levels are elevated in numerous other conditions, including heart failure, pneumonia, sepsis, kidney failure, and cancer.\[[@ref21]\] Further, it has been well established that D-dimer levels increase with age, leading to a lower specificity in the elderly.\[[@ref22][@ref23]\] In our study, mean D-dimer levels were not different between PE and non-PE groups. A cutoff point of 243 ng/mL for D-dimer revealed 93% of sensitivity and 23% of specificity in patients with PE.

Nowadays, new biomarkers that can be used in the diagnosis of PE are being investigated. In the study of Mirshahi *et al*., the role of soluble fibrin and D-dimer was investigated in the diagnosis of PE. The sensitivity of D-dimer was 94% and specificity of D-dimer was 54% for PE. Sensitivity and specificity of soluble fibrin were 94% and 95% for PE, respectively.\[[@ref24]\] Tissue plasminogen activator (tPA) in the diagnosis of PE was also investigated in another study by Flores *et al*. Sensitivity of tPA was 95% and specificity of tPA was 36% for diagnosing PE.\[[@ref25]\]

SCUBE1 is stored in platelet α-granules and replaced on the cell surface with platelet stimulation and activation. Surface-exposed platelet SCUBE1 mediates platelet-platelet agglutination under thrombotic conditions. High levels of SCUBE1 have been determined in human platelets. Upon platelet stimulation, SCUBE1 was translocated to platelet surface, cleaved, and then released into the plasma.\[[@ref6]\] It has been investigated in various diseases. Dai *et al*. evaluated the diagnostic value of SCUBE1 in ACS and AIS and showed high SCUBE1 levels in both, but not in chronic coronary artery disease patients. These results have indicated that SCUBE1 can be used in acute thrombotic disease.\[[@ref8]\] In another experimental study, it was suggested that SCUBE1 can be used as a biomarker in the early diagnosis of AIS. Another finding from this experimental study is the strong correlation between atrophic neuron percentages and SCUBE1 levels at histopathological examination of the brain in ischemia of thrombotic source.\[[@ref26]\]

The only study measuring SCUBE1 levels in PE was the study of Turkmen *et al*. The researchers showed that SCUBE1 levels were significantly higher in patients with PE than healthy control group. SCUBE1 revealed 91% specificity and 82% sensitivity in patients with PE.\[[@ref9]\] In our study, SCUBE1 levels were higher in the PE group than in the non-PE and control groups. A cutoff point of 0.49 ng/mL for SCUBE1 indicated 100% sensitivity and 64% specificity in patients with PE. These findings may have an important role in the diagnosis of PE.

Several limitations of this study should be considered. First, the results were based on a relatively small sample size that had limited statistical power to detect small differences. A lack of short- and long-term follow-up of the patients was a second limitation. Finally, because of a single measurement on admission, the changes in SCUBE1 levels in response to treatment could not be evaluated. Furthermore, we were not assessed false-positive effect of the drugs.

Conclusion {#sec1-4}
==========

This study revealed that serum SCUBE1 concentrations are elevated in patients with PE, and its sensitivity and specificity are higher than D-dimer for the studied patient population. Therefore, SCUBE1 might be used as a diagnostic biomarker in PE patients. However, since it is still a new marker, further investigations are needed to support the diagnostic value of SCUBE1 in PE.
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